We present here a novel approach to connect phenotype and genotype in vitro by exploiting a strong interaction between RNA and protein. This strong interaction was used for the selection of functional proteins, such as dihydrofolate reductase (DHFR) and streptavidin, which were chosen as examples. The noncovalent but strong interaction should be useful as a novel tool for the future selection of functional proteins.
INTRODUCTION
Methods for the selection and identification of functional proteins from pools of random sequences of amino acids are of great current interest. Several cell-dependent or cell-free display systems have provided powerful and efficient approaches to the selection and evolution of peptides or proteins. In such selection systems, the specific sequence information (genotype) of libraries that encodes the selected proteins (phenotype) can be determined from the corresponding DNA/RNA that was introduced into the system. The gene encoding the selected proteins can then be re-amplified for the subsequently evolution and analysis. However, these methods are associated with certain limitations and disadvantages ( Fig. 1) '" 3 . In cell-dependent systems, the diversity of sequence libraries is limited because, for example, of the inefficiency of transfection processes, limits to the size of displayed proteins, and limits to the nature of the protein in question since any protein that is detrimental to cells cannot be selected.
Cell-free ribosome display must be adopted at a low temperature with removal of a termination codon and the addition of magnesium acetate and anti-ssM oligonucleotides. The alternative cell-free, mRNA display procedure requires careful chemical synthesis and critical purification of puromycin-attached oligonucleotides, which must be ligated to the 3' end of each mRNA in the sequence libraries. Failure to perform these manipulations appropriately leads to a reduction in the diversity of available libraries.
To overcome these problems, we attempted to develop a simpler system for selection of proteins in vitro that could not include any steps that might potentially reduce the diversity of the pool of sequences (Fig. 2) . Our approach was based on the extremely strong interaction between Tat aptamer and a Tat protein 4 . Moreover, because the stabilization and maintenance of the RNA-protein complex are key determinants in the successful selection of a target protein, we tried to reduce the K d of the complex still further by increasing the number of aptamer and peptide motifs. We postulated that such a strong RNA-protein interaction might be useful for linking genotype and phenotype, namely, an mRNA and its encoded protein.
RESULTS AND DISCUSSION
In our system, the RNA aptamer, linked to a specific mRNA, should bind automatically to the encoded protein, upon translation, that contains Tat peptide (Fig. 2) . If aptamer and Tat peptide are to function properly in the selection of the target protein, the respective protein should end up bound specifically to its mRNA when two distinguishable mRNAs are translated together. In order to confirm this presume, we prepared two kinds of mRNAs encoding streptavidin or dihydroforate reductase (DHFR) and a selection as a model was performed using biotinagarose from the pool of the mixture of these mRNAs. We expected that the translated streptavidin and
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Translation
The efficiency of the formation of the complex mRNA encoding streptavidin should end up bound to the biotin-agarose beads. However, as the result, only marginal preference for streptavidin-mRNA was realized. Importantly, the present results with a partial success suggest that the strong RNA-protein interaction might be useful for the selection of functional proteins once the system has been optimized by the removal of non-specific binding to beads and if the mRNA-protein interaction in trans could be minimized by the adjustment of the length of linkers and proper combination of respective aptamers and peptides.
Moreover, our approach can be combined with the ribosome-display system by simply eliminating the termination codon from the fusion gene.
